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(54) Title of the Invention: Nozzle Assembly United with Monocrystalline Silicon 

Wafer-Based Inkjet Print Head and Method of Manufacturing 
the Same 

(57) Abstract: 

Provided are a nozzle assembly united with a monocrystalline silicon wafer-based 
inkjet print head, and a method of manufacturing the same using automatic batch alignment. 
The nozzle assembly is fabricated with a sheet of a monocrystalline silicon wafer, rather than 
a stacked substrate with several sheets of wafers, and automatic batch alignment in which a 
mask is made using anisotropic etching and a LOCOS process, thereby enabling mass 
production, reducing manufacture costs, and increasing the yield. Accordingly, it is 
possible to reduce align errors to several micron units using a general silicon 
photolithography process, and easily manufacture the nozzle assembly with reduced 
manufacture costs. 
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B ^ h S~ E^S £E|^ SIIOHtB 0|g£J- gaiS gjHS! E£!^ cHIEg h:M Oj^JMEl a AF§ § 
1 3SIHI B|£h □ 731^ ft»-B# B ITS Oil ED-ft (100)3 Bi§ £EI^ ?J|G|IH§ 0|g£J- °)H 

5 Si! Eg SaiS 0101 °1 hiM CH^gEfe Q\ El §2J SIIQIffl a B* Ahg^hCfl 5] 

io}@ ^BtJ 751 Eh^^hOI *r §2| (100)3 fl.EI5 Sfi.g ^-flOlfflM OlgohOI asgOl SOI §31 

««s ^ tJ-^ W eh s ^ ^2, m^oi mo\m?\ isss oissj- ois-s cniggs si- 
locos ggf 01 St!- ™mtl D^H ^41 £S Olgsfe SJir Xhe §1 M*H12.£*H ?4I 
Ie 4 210. ^, S!^°J sMEI-iHSHEl ggf agsi-oi 0|~2J ^E|-°j 

4 oiHE oiohs is 4= ei- ohjei- ^swwie am mugoi em&ra 4#e ma. 



E la S E 1b£ 2W ^EHSJ «IE« LH^JMEl^ 7£M UEI-LH ~ B2E a BoH AWE, 

E 2a LHAI E 2ffe E 0E §EH*J kf CH£!SE|(U.-S. 3.921,916)2] ^# UEI-LH ~ E3M, 

E 3 LHAI E 5= 2>Zf gEH^J hiM CH3MEI2J Qgffrj- gM§ ^g^fc E3f ; 

E 6a a E 6fe §EH2J ^dj^ hiM Oi^MEI°J S irf^ ^=[CHI iif ggth 

^ E3, 

E 7a LHAI E 7d^ §EH^ fi| El 5 icS 0i£!ME|2j §^ g-g s ^lMS intfl ^gf 



E 9^ 3A 1 MS 

E 10a LHAI E 1 Lk^ ^E|^ k# CH^MEIM 5 £ El £H Eli ill (Photo I ithography)B£ 

E 11^ B CHI [Q-B (100)3 BIS ^EI5 ?J|0|ffle 0|g^ ^31^ h:M GHSMEI2J 
9-3 E, 

E 12^ E 11 S| SIIEg if CH^ME|S| 7H^ AI-AIE, 
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E 13a LHX|/E.13s(s')= S 1.1 B £ 12HJ: B§g .fi!5|-2 ?Ji0ltt|# 0|g*J- gsli§ gj 38! SI Eg hiM 

Pifflgeiei si §sm gsr gjgg. §g eflii^ aoi*& bsem, 

ZLEIil E 14a S! E 14b= »a» SOI ?J|0|ft| 3! US §*i#Qj S3S MOM AttSKtt SfflM *!2u r 
^ ggolr E3WOIO. 

io. aiio^H ii.aw 

12. SIH 13, 13'. S2.g 0 r ^3 

14, 15; kg 

16. »^ 17, hi* Wft? 

400. #EIS 71 S 401. h-g 

4p2. am giti 403. sfsisHi 

404. tm 405. 

501 . XI1 1 Ut±B. ( 1 st mask) .502 . Jf 201^3 (2nd mask) 

503. fl|30r^3 (3rd mask) 504, 504', ffiSI *WAR 

505. a 50^3 506. 3i°f 

511. 7H?^ 512. 7H^¥ 

513, 513'. 513*. 514. 7H^¥ 

516. 517, 517'. THW 

521. ^ScilAI^E qi-^h 

B EfBS £E|^ ?J|0|fflM 0|g*J- Utt* £J32J HgJE W c S ti CH^MBI S Utf A^- g 

1 £§CHI 5J^> 3 731 5f B-H (Monolithic Micro Nozzle Assembly for ink-zet print head using Mono- 
crystalline Silicon wafer and Method for manufacturing the same by Self-aligned integrable 
formation process) CHI 301 Q. 

E 1a£ °S mti M 0 659 562 A2 h Oil ?lfilS EmiUIOIElE 232! «E(a laminated ink jet 
recording head)Ej BSEOID. EAIS U[9} 'SOL ErOIUIOIEJE S3 XI 7|^ fdl E£ ?IB^^ 
b:S(100)OI bigSKIOI), 37HHJ 5HSLI?f|0|g » ME (201a, 201b, 201c), sre* am 

SE(301) a SS5K400)OI £*rM 3x12 (laminated) El Of SID. 2W E h 43 §SbH(30O)0j| 

~ S3 73 § S7|(600)W 73 SB 93? r e!8W?00)fi XlU 73 § 13HK600a)(HI HAI 73SEI2JCr7|- 93 
^a^(BOOc) a 7)SL|?1IOIiaS'('600b)g M^rCH xHSIXITil SQ. S3 73 S" g?l(800)£HI^ °J3f 
°S^E1 HISEI^ °j3^ §!E-|(900)M S^KM SSSCh E^EK 400)011 = 2TS £!§XK500)7|- ^EIDi 
°J?rE|£ 2 2T aSM CCEr ^ §SbH O00)CHI jH?-J2J S3CHI i^A|5?|71l SCK 0 jq| gr§ 

93= ^SLIMOID ^M(200a, 200b, 20Qc).fi 73 D iiB(10D)M gSKfl M.&5ID. 0121- ^~ Eh 
□IL1I0IEIE 933! ?l^ SIE^ ^ ^HSS HE l^hOj SI gg(al lgn-bondi.ng)SS SI5SI- 
H Si Eh. ^, E IbOil EAIS H r 2h ^01, ^o\0\ m0\~ OH^ ^Sti" ^§1 ^^(-12 

SiCh. 01— ^§011 ST^ irS|° 7} SSW7II El EN SXU^ 9! 3 ^^01 DH ° LffiTII 3D. S'lui 
^ Hl-S &1I A1 gf^^F 3 Til £IEK mt\, E lafHI EA|^ 'A' 9^3h CH^JMEI °i1|°j 

±mm im aiti ^ii- him°\ msw oia a^rsi yj-^Ej ^s^^ wat+ji'siD. oiai- 

^0I ^^|2J °^ ^^OilAI^Ei ^AFOII Ol^^i JJKAI ^7||E|^ biM CH^IMEIM ' a^Sfe 71^ 

21 Bmi^s ci>^ ice wmm ^mm^ warn afsses sb£»s dhh^ai 

SSJ- SlHM UISOI SfllSg sasj ^MS sMEj E=!D. 

OlEh IT^ b:S CHflSEISI S-S^ E 2a LHAI E 2f SB E 3 LHA| E 5CHI EAIS bJ r 2r ^01 Q-SWh 
D. E 2a LHAI E 2f a E 3 LH XI E 5DII EAIS Wl^ CH5^2J 3M£ kf^°J ^miAl 

^3AI! ^ Si^ ^SOIH SIH^h 3^ ^#UH310^ *f-Q. MM ^= &SE ^ ^Xll^h E| EH 

^, *S0|| SiEh. 

373, E 2a LH XI E 2f£ US 3,921, 916SWI 7IAH& h:M¥ SSHS, E 2a LHAI E 2cCHI EAia 
b) r a r a-01 d E -^ ES# t| E 2d&1l EAIS Hl-Er 301 Ai^ BHCH3WIAI ^^CHI^# ^AiehOI 
ESS £Ei^ E.l-01 5^ CHIgQii £!^Hie 7[M E 2e S E 2f0il EAIS tlrEI- 3^ iM^M SSttO. 
0|£ ES SOICHI tlTll^h Si^ EJ-gilf- S®0I ^Stt SaSOl S!D. 

E 3^ 71711^ SgCHI °lt^ h:S 301 OH 2IS A| S§ r 3 4^101 mO\7,\U\ ^wm^ ^SOfl 

& Al-g ?^rEK 

E 4^ 'Sensors and Actuators A 65 (1998) 22 1-227' CHI 7IXHS if S3 gfS §if ehCH 
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A2\SS0fl 2|?+ #*HH§23 h;fi».tt3ftk£ Sgi UE^Q. 3 EH: 64N«g 3 MS 20IS- Mi! 
21 37I0H t&Ef ig2J 33|7|= SSEIHS - 3 3S!3 ; 0fl SXW 2i3 *«Tjffa 2»0f 2j|> |g S% 

AiE*toKfs g &a:di sith " • • ^ 

S 5£ '6. Siewel I et ah, H.P. journal, vol 36, no. 5, pp 33-37 (1985) 01 7IW=J k§ *<S fg£ 

?h stoi uirzprsa* *ioi e c)chi exis hri- mo\ owsss.m ifisStHit oil ii a? 
^ gj-Bhsj-pg ^ op as Qi:^- -mamt&t &gs\ii its^sj s arj- ^.se oiasrii g-sssmh 

E Bf&[ E 6b S! E 7a LHXI E ?d£ gEl^og -^s ^ BJSSKM its 

OLSMSIM ggg Lt-ErttlCK S»= £ 6a0)l EAI£! IdW Ifg gitlC21)7h fegl! g=5 

^Ee(20)2h>g(31)pl SSS k : SB(30» ¥*ftJ"^SAH E 6bCHI EAIS Hh£ r kS oTgMElI 
SSt!-p. WK= E 7effl| EAIH.b^h ITOj g3 ^E|? (40)0)1 S:ffl(41) 7il .*W. E TbOil 

EAI-S ti}2[ m0\. !e35C50» ^UietS gAIOjl S3 fi5IS(40)(HI Sffl(41)2J §«0|| [ft 

£3(42)f gsfSK, E TcOfl EAIS mt SOI, !* Sll 01 ffl (40, 50)1 E TdOfl EAiS tim 

m\, a a. (4i)oji mmsm ^ oust uMtm kgflot 

271 J? &B tt Sf# kft.S(30, 50)°J SiiOliHS M^MOl K^OI £|g§ gE| TtO^ S 

f7r SICK E 6a2(: E 6b°J 2^ 3eA| SfHS l^OIQ. E 7a LHXI E 7ti°| gH30|A|fe §101 frfi 

^ a°u ?jioia * soi i-asKn siioiei «3£3 oiasi kr=Gr. 

E 8a LHAI E 8c£ gEiS 0|gtt Oflgg:! gSSfe S9QIQ. D17IA), E Ba= SEI5 

51 LFEftHS ESOICK TMAH g 01E1 (Mll^Cil SMA1 MEI52J (111)3^ 3 ojjg 5e5P 

PItiW^?. 1 ! JBH!%St. s ^SS D tf a * MS (ioo)^Ei= aionHsi mis 4^ e eb 

Li E BcOfl EAI 5! tiV2[ SO I L_^E^tt | ■l-^. 

E 9^ 3i|(HI§ SSI gSShS ESOIEr. EA|§' UW 301, gELZOFM 0|g*t a^lWSe tSSr- 3 
- «^ c£J =jjj|5h 3g^ a21 ^B|| SQ =a?.| QgoO Si!! □ a^KHIg S§£l Ofll^l 5 



CD 



HEIII LOCOS(LOCal Oxidation of Silicon)^- ^EI^M ¥^^1^^ &MM9\- ^afe gJ^H— iJ-niri- £1 

Ai fiWSfOI S&o+OI ^SSD. CCj-EI-Ai QF°E| HSOlIAiEhE SgOU ^EI5 SXh7|- h:^EiAi ^°«^ 01 
^S^hAI ^oa^ oi SEI^ ^g^J Aj-shg ^ D\m LOCOSEh §>EK ^ 

^ «<^^o^ oj-g^h ai-g ^Bl^Oij EJ^IH OIM0I ajb|5 ^1X|-5J iff °0 E 

if Oi^MEIM ^-S^fe HH^^ ^ IH (out let damper) £1- ^i-j|B] Alg^H^H MAF%- 

01 ill UHM^ SltlM ^Ultt bzM CH^MEIM ^El^m Olgtt MEMS ^SCHlAi LF^(4= 

« OIH^ 0|Aroj c-h^L) ^^^^ t^mm 4 o,^ h^q| ^ 10a LHA) ^ lOkCHI E 

4,882,245 ^)Hh ^ PR# %^Q\ AI££|H Si^LI- 01 El 3 CHI Ai H ^gfK>j| [be £M 

§ ^111 Q.^ll (masking) 1 SQ. ^, £ 10a 3! E 1 Cb& ^ QF^ ^7^2J CH^M 

Ell SOI^^ SSSEOIJl, E 10c a E 10d^ ^ qcj. ^ g§iu 

EKH^ ESOICM, E 10e LHAI E 10k~ ^ E 1Cb.SU 7if g^l ' Q# Or^^M 0I^I~ Sil^-g 
S# EffllBS UEfy EraSOICh. E IQlOI EAIi! d^h S5T WMfe ■ S!» E 

TOep EAIS Hf£h ^Eie(80)M ^dWHl, n 9m E 1 0f CHI EAIB um aiDhi=?(60) 

B ^.2^ LfS, E 1 QsiCMl EAIS UhSF SOI aasjHS 7;il2D^3^(?0)S EStj-Q. QstHL ElW 

um eoi c ^iti(75)M qmchl e iqjou eai^i dh£h aoi, fca k f Eii(80) Ian kit S 

^il2D^H^M s.3 fl.EI5(80)2| ^S^M MSutOI E lOkCHI EAI^I ^ ^~ 

Q. 0\zm CHSMEIM BISWWI ?loHA1£ ^MdlAI^M E501I "XI S^°i £M?\ °TeK E 

IQcOil EAIS bh2l- ^ 3^ iMaiXl^M tlSESAI ■3flfl-M"21V SSai7[|>i-M Ei2J. s^a^^oi 
E lOcffll EAIS HEF ^ S^, EJ^EIIAI^e £5A | 7|.a(5)?h ^^£|CH 0IM0I BIOISAI' EiTi 
5.H°j-0| ]}HA|.^ a-a&di-. OIS 3^, E 10e LHAI E lOkCHI £A|S dh£^ ITOI, 

Q^3i nmo\ Jfemxm e lobmi eai^i um ^^i swa 5i oi-^l 

M Olgs" 4 atp. 01^ E 10b?J 3rd pattern^- 1st pattern/2hd patterrEj 0||§A| □'SfS-OI 
^^l tlH^eiLil 3rd patterns UK 1st pattern^ 2nd patterrDI 3rd pattern 0)|t>A| CHIS S2£|O10^ 
orH, 1st pattern / 2nd patterrfHfgAI 3rd patfernDI CHIg SsEICHOI: OI^CHIAiD. OlgH g(H|AJ 

£^J^F3Li=^ ^ m ^^tHI^ S -° (hydro-phi I ic)/i^S(hydro-phobic)2J iSSEPI- Ifi^rAI 
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g^iahiis m^E bsspi mm b asm tern &i§ seis n-oinja -oise!- vara* arenas a 

35! WE© Offl^EI^, ga*2£*H -gBEIfe SHfi ^ «I£ : M MttftKH BS*t= 8T3 £3; 

£7i s-soui £7i znwss a.gti- 321 'aa?t ?as£* s*£ *n:y; £7i hms'^h ejas.= £ 
J\ »s«? 8f2i : a;a§ 8Iai-b|:£-s assm oi ssa a37h mi 4= &e* g»» iwfe £71 » 
mesi -a^ g-tfl; £9i a§j sws-¥ei gas a.§«rai- isw asste £7i ^ *iie^ aa; £7i 
a ion Tasa an* sgoi— hhb^ £7i amoii n9g aa?} £7i a a lh°i g*i mo- 2325 

£71. Bi'fe^S .S1H.EI-ES SEot= S**S 01 =CH3 £71 zfWESl i±g§;g ^dlti" an 5! sg'M 
«£S- Ol^MEIipi! SJOiAi, £71 gfi # XML SRftBL » MSI Ht*^ £*S 

g^5}og hxisiqi sjusi. e»s g-as 7ieoii bj^h a-assss'nMss at to; 

B .Brg-(HI SlQUt £71 fl-flS 71 SS (100)3 EHS tfEI:S 7I-5T2! 3101 HiB*!«ii, £71 k 

SS2| UHBt 1 LH3g ±*gS Jt'EM xlE|3 2101 HIBqSfD. 

Eth £71 2h ITS lTSo>7| Slum B BiSffll ttFB 33 § 94101 EH M 0| : g*> gfl|a DhOI 

as. gag -aig ki chmmei^ ate »§■ si s'sw sitj-'asr Bfgg, aam^s^y saa= 

Sa« MEW UH*5'H3I SSsfe a a £71 SSOIIAt £71 aj- WE3 agtt SP^ Sja^f 
£IE«tttfe a-U; £71 SMSWH 2SBH-S £71 aS& S°l S3t a'AI*!-£3. SSmil 01 »SS 

aa7h#a» * zism sws 7hti~ £7i 21 gfa suissei aai a sir 

ok in 1 oil asw= £7i ^ a-Esj a 5i; £7i aw »ss a as s»hs £7i a 51 oil xi 
a a7i- £71 aa lhhj s£B| mcj ns£g £7i uhs^s aasiJE* sews s^^s 01^012 
£71 2j--*iiE2i. kggjg smto aasi me§ ki chsmeibi ai^saoii sioiai, (a) a 00) 

3 BIS ^Ei^ 71 SOU XillDF^aS (b) £71 *il10^3M QUS^hOI £71 

ttu 7H^¥# a-ffl^a-i s.«B-f& (c) £7i a-id^a a aas^a* chis 

»« £7i gr^abu a?*«-«isw& (d) £7i a-^^m s§§ jh-^^wi em ±m 

s 7is £¥ si xii20h^a £2j aa-oi isDi-^aM %mt= &n; (e) 5Maii7;i^M o^ai oigsi- 

Gtt £71 Sil3D^a^ aieh^o^ (HI .§5 H)l £7| aiil ^ ^S ^H^^M ^£5fe &7||; (f ) 

£71 aitl ^Iti- 7H^¥M MohOj £7| ^E|= 7IB&il a5i ^ l^h g (HI §11 ^AlSfe 

EMfll J (g) £71 (e) BWMAI ^S ^l^hOj SMEIXI^e Df^Bf HCHS OlguhOI £71 

Sl3D|-±aS| PH^^Dll ^oH £71 a2DFAH ^ SIDI-^aS CHlgohOI °g ^1^ 7H^¥* 

^£§^ (h) £71 am ?H^¥1 #^h01 £71 £ES 71^011 SfHIgM 

^AI^j-01 aiilM ^-£^1-^ ^Al (HI ^S5J ^£o.fe B?1l; (i) £^l am S £71 °5 

21 ^51^^1*1 woj ^woi) ^» fi2§ Xil40|-^a# e^ufe EfTll; (j) £71 te§ Xil 401-^3011 
A1 £7 1 am Si ^o^EHIg^^J HP^rai (HIStl-Ol £7| hig ^l^¥ SI £7| °^2J 3AF¥ Oil 
§g ^H7¥M ^£^h^ (k) £71 SI ^S SAh¥ 7H7¥M 

TMAH(Tetra -Methyl Ammonium Hydroxide) SAi IS 3 Oil CO^ 0I^£ sA 1 CHI^M tg^hOI £71 kME] 
¥ SI £7j ^^SJ SAr^M *J£or^ (I) £7 1 hiM^ SI £71 gy^2J £E|^ hi 

f^I ^^^^^ ^ ^tr Al ?1 THlSOI-^aM ^£5h^ E^l: (m) £71 Ji|3D|-^3(iJ 5^)1- ^^^^ fll 
Tltl-Oj a-^^bfi 7H7¥M ^£or~ Ej-^l; (n) £71 a^bH ^1^1 ^13^ ^EI5 S Oil§ 

e £Mt>t= B71I; (o) £71 ^|2D|-^aM £j E 4*1£^ «|7i&h01 £71 ^ £1*1" ^H^^M ^S^fe 

B»; (p) £71 xHy W£g 7H7¥M Olg^W £71 ^E|^ 7ieCHI S Oil g M ^AluF^ B7|; (q) 

£71 £E|^ ^1^ HHSCHl ^£^1 £71 XilZOr^B SI aiD^H* "5San A§ D^3t 01 ^ 3^i(Hlg 
aieh^o^ Qjig^foi inM HH^^e ^£1 ?m a f S §1 7H7¥M ^£WS B711; (r) £71 gf 
3§1 ?H7¥M 01 ^E|^ 71 e (Hlg £71 h:M HHM7M ^£tl Crs £71 i^BilAI^M 

D^31 .^ITi^l-Il £71 biM UHa^CHI 3H°|M g^tfe SI (s) £71 hiM §I4¥H| £71 

wi5Di-^a2j oii^ioi aa ±mo\ oi^oiaie^ mB^m £«Ai7i~ s-tii;m 

B ^ h a(HI ?iCHAi, £71 (a) E^lOilAl £71 a 10^33 m ±m^, § Qih: ^ Ah 

gmEl, £71 ^illD^a^ S^Sie MgUrU, £71 Xil2,3,4, 5 Of^a^ £71 Si^ g^oi 

7h^ti teos, pecvo mtm, £7i ^^sihf urn ^ s oihi ^ mh^ e^fe aoi hi-^o^h, £ 

71 (b) BTJIOiiAi £71 fl|2D^a^ TEOS, Itr^ S 01 hi ^ XHS^ ^^hD], £"7| (c) 

B^IOilAi £71 t^SUI iSg 7H7¥^ 2800 * 260 M m 3713 SSBKQ, £71 a^ SbH' 
¥2] SAiEICHI^ 100 ^D|, £71 (d) B^l Oil A1 £7| ^|3D r ^H3 ! l £|-^, 

g Oih: ^ XH3M Ahgol-a, £-71 (e) &7fl (HI Ai £^| ^130^3^ ^ih^3 ti££10i Zj^CHIHS^^ 
?H7¥7|- *J£EID1, £71 (f) E^IOilAi £71 aiii ^£1 1^ S (HIH^ I CP RIEM 0|g§|-01 
150 M m gE S0I3 OilSuna, £71 (g) ETTllOilAI £71 ^3 *j£E ?H7¥^ ZJ^i OilgSM 01© 
SI:0|-tt«EIDl, £71 (h) aflftOAl #71 2» SOilgBj Wl-S SOI^ 150 M m3 3h3, 01 £71 affl^J 
mm S0|^ 300 M m3 ^^fOI, £71 (i) E^iOilAi £71 S2§ Sil40|-^33^ l^tr^OI S^TEI^I 
LK Aj-t^a- ^ mM^0\ AI-gEIDl. £71 (i) EJ-711 Oil Ai £71 130^33A| £^ 

[lil^Oil £71 ^ Msg 14dr^33Ai ^^fh^M ^^H3 *j£tT 4= Si^ S^CHI^ £71 (j) 3711 
CHdOiL ( i ' ) ^I3A1, ^ Msg Xi|4D^3M S^t r = itftha, £71 (j) 

Oil Ai £71 it £J~¥ SI £71 £3°j ^Ar¥ OilUM 7H^*=- £71 (i ') E^lOilAi g*TS £71 XUU[± 
3^ £71 Ail3ah^:3£h g^ il^ S£SOi £71 ^il3Di-^3 SI £71 Xil 401-^3 ^)}|| ^01 (HI CCr 

b AjqS| 0i|g^3 ^£E|Di^ 201 Hrg-^rDI, ^ £71 (j) E^l Oil Ai £71 £^ SI £7| ° 
3^1 ^Ah¥ Oilgg 7H7¥^ £7! a 30^371- ^11-^3 S£EI3 £71 ^ Msg *i|4D|-^37|- 1^ 
t r a-H3 §£E|0i £71 S£J-5r^Il|- ltr^H| 01 S ^ E ^bl|0il [Lj-^ 0il§^3 ^£E|'D), £ 

71 (m) BTIICHlAi £71 ^130^3^ SSEIOi £71 a^SbH 0ilg o ^^3 

1 Argo^OI £71 SEI= 7I& ^£0ilgg^3 JilTmKH, £71 (n) E^IOiiAi £71 grej 

ISbH ^lt^ aW ^EIE S Oili!^ ICP RIE1 01 gn 1-01 85#m -SE2| S0I3 SAIuHDI; £71 (o) 

0-711 CHI Ai £71 .320^3^ TE0S3 SSEIIL £71 tm ^£g PH?^^ £71 Xil2D^3°J SOI DrAlB 
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M7\tm, #71 (P) ETTIIOilAI #71 M4» .3 ICP RIEg OlgorDI J5«BL .MIS W*tfDL #71 

(q) EfSblW #71 'k* HHS^l «S« a c 3 §1 W= 33 24*mS W2£IT1Lh *S #71 (q) B 
» HHtlOil (q*) 9311 £AI #71 £EI5 715!" #3 a Eg 0r^3S K71; LH3 3 k«SW £!43 

a»e« «a*i- »I #71 MEIS 715 HHEJHI «S1! 8120**3 a X1l10 r .£3! WSaKM Jr. 

STfM Wmm!' #71 (r) 3711 (HI A| #71 £4# a»st2g. QKg (Teflon) 7flg2| Sf 
C4F6/SF6/Ar ^ 7r±°l PECVDCHI 2|fe S7I^S Ar£*r£ 201 t»B*l5H3l, #71 HHS^°I HOIS #71 
(k) BWHIAi ^71 3:IH 6*I0»S- 2-0.1 W mi SSSEh 

□IW £3* s^5>3Ai £ SSOil ECI# EMS WOIfflft Olgft ttJtttl 93S SSlM SIEg I* 

m Qiaesi a h*"30S si ss : m -sis* im swi sss-ck 

BS-^B OISS!" Ollg^lr LOCOS(LOCal Oxidation of Silicon) SS'S'GISSra. £*IIS. £ MWI 5. 

AtsTahSf a 32! wes- nait! wi ofajtam ar^ir 4= kck 

E 11 a E 12£ ^ ^AIMI^AI 7J|;^S 933! SI Eg 'SMB h-g GH-fl'SE|.2| &3£ a ArAIEOIEr. 

eais 'utsi- ato'L b ©soil ta# aa-JE' fliEs wait* kg oiatteis tfa-a 7i5(4oo)(w 

kg MOD, SIH Sffl (402), -Sr^lS:bH<403), XtU'(4&4) a 8S(405)§ ^HIBCK. DPI At, 8£.(405)= 
a^l(0|EAI)£^Ei > iSWI a 371 g£m 4 2JES 4£ l£(manifold)0|3, 01 

Slfew/d ^ : *IM(404) . WSKW ^ a 35! «|S in»5 337h ■ HHSSIlr, WSC404)a«ai^ 
°^£«tfi(403) Sffl(402)(HI »SEiatPI= 2W tMbH (403) #3(HI WHfe aSB(DIEA|)2| -SMOI 
oi W kg (401)1 'IBM MSS'CF. 



Qi-a& qi^-si a35! wes naiv ki ch^meichi sichai, kM(4oi)°] ae a 4(402) , sr 

q gt«(4C)3) a*«(liydroph.i-li-c) x{E|7F £|O10t °J3 ^SS (ref i II )0| 1 4 SIS, kM^J 
UH^oj .LH : »-gs i 4.^ (hydrophobic) XIEI7I- EICHOt SI £^ Al S3 EM(drop)l gGH S 4 Si 

SOI §5. E 13a LHAI E 13sM SSmaAl 3 tfiflfia DSSI- «Q. 

S!^|, E 13a0il EA1S »QL (1*00)3 B38 ^E|^ 71 S< 400)011 M 10 1-^3 (1st mask)(501 )3 gfT 
■ftS. 01 MvSU3(501)k tf^ S= ^EIS CHI^ A| 0^3 <=»VM V 4 5£z= M^M AFStHi. 

S WaWEutectlc Bondl-ng)SS ^IS ^01^ 4 SiCh. 01 3^, ^^dl <3*JM 4^ 3^ ^§01 ^ 
di-£|x| ok^s tj-Qj., « Ahtl-°|^ 3^ CHd TEOS S PECVD ^tl-SMI- ^ g^TOI 7fe 

& jhsm oi^ctli- tm mm ai^io. 

DS'tHI , E 13bM EAI^I Hf2f SOL S«a (channel) 101 ^2^71 ^lo|-Ot XI1 10^3(501)1 Oil 

mm 7W^^&])m W, Xll20|-£3(2nd mask)(502)l ^^Q. 01 ^|2D^3(502)E ^ E^ 

61 Ahg^Q. 

QsOIL E 13cCH! EAI^J HI-SI- BG1, °^^bH (Pressure Chamber) ^Si ^I^FOI ^1101-^3(501) a 32 
0^3(502)1 CHISStOI ^¥(512)1 ^StJ"D. ?H^(512)2| 371^ 2800 * 260*m£ »KIh 3E|3, 

saieioii^ ioo*rra ^m^m 4ch ^^i^j ai-^i "stjais ^q. 

□SOU, E 13d0il EAIS HBSOL 830^3 (3rd mask) (503)1 SfWCJ. 0| J1|30^3C5g) « ISOIIE 

QSWI, E 13e(HI EAIB Hffil- »9h ^E&il AI±^(PR; Photoresist) 0|-£3(521)1 OlgoFCfl a3 
affl (Out let-Damper) a SS(Manif old)(4 ^^)1 ^2^r7l S|5r01 ^|30r£3(503)l , OjlS*Fffl 
SS«(513, 513")i SStHZK 01 UH, E 13k2j SSMAI «IOIfflE| ^EUII M 01^ CHI^OI 01^01^1 
n ^ 01 CHI CH& 3371- SJOW 011113, 351 ^2! WW 7H^(513)£ fiS£S .MSEj 

a7ss «ae ^ ?H?¥(5i3')^ 2» sri is7^ ^3 ^e goimoi, saw mss 
oieti-Q. 

QSOII, E 13f 00 EAIS HKI- B01. -SiH (Out let-Damper) (402) ?lt^ ^E|^ S 01lg(deep 

etching )1 ^AltfEK E 1 1 CHI c-d^ SAIEI^ SOS WIStHIK ^3IS, I CP RIEg Ol-SSra 150>m 
§E SOI^ (HIStHlK 

□SOIL E 13*11 EAIS drSr ^OL SS(Manifold)(^ ^) ^Sl «SfO|. iSEIIAI^M 0^3(521) 

a ochs oi^b aS^3(502) a ain^3(5one (hi^ks 7HW(5V3 , )a ^^fch ^^i 

o|*h ^ E |s 5| ii- kSAiaa. 01 a-3 BH^§ 4 SSSAd OISEICH 371^ 3 spec.CH|A1 

mZm ma-, jw ^^(51 3 ■ >^ a:^..-wi.s.a*.o.i..g-§*oi--s.«-&EK. 

trSWL E 13MHI EAIS Um SS(Manlfold)(405) ^^1 »§|0| ^El^ 715011 g WIS (deep 

etching )1 ^AltlQ. MS S0|(E 115J. d)^ 2{ 150^ *HZ r . H-IH (Out let -Damper) (402)^1 0«S 
SOI E fill c)fe 300>ml ^SSa. 01 0H-, MS^E7h SM^ Ei^ 2^ E 14a a E MOT EA|£! 
Bh2.h 01IS §A|#OI SllO|ffl(S0l or Bonded wafer)! 0|gS r 3 Sir! ^1 4 SCh or 

A3 |7r HI lot KOI !017r^ 9301 SiQ. t>§2| WJIHS am ^^! WS 

oi ^om^ iniBj ssihie saam s?ii eih^ icpriei ois^ta- oiis ^^si ^e^^^ 
aidi iti's ^^i ^oi7i a Tii a a. 

QsCHL E 131011 EAI'S Um ^01, ^ S2§ ^140^3(504)1 e^CF. 01 MJ§ 
40^3(504)^ E 13k0il EAIS U\9i ^ h:!^ £*]0Ui! ^§Al ^ CHI S CHI EHoH 0^3 ^^1 
^Kll- 01 M2§ *il4Dr^3£= Ic^r^OI §^£|71LK 7|Er mt^, Itr^ ^01 Arg^Q. Xil30r 
^3(503)SAi g^ra 5^ UH^OII S2§ AH 4D^H(504)^A1 l^tr^l ^^^H^ 
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4= 21= S»Mfe; E 1 3 i aCHI EAIS mi BOL S.g-3]'££ ^ S'SS .»I4D h± 3(504* )S g^th 
= , 01 3££ »3Dte3(503)6 SS^'S -S*Bffl'*fl MSlS fl!4dh±3(504)SAI 1 i+SrSM ^± 
SJ ; SS. tt-SBte LOGOS S20I Sfe -S^MS S&sjSS tt»SH3IU g-S-Sfg 

S^S'gOlfilQ. OflfiSS, *H3O^3(503)S S-ifSfe 'B*IH 01 (HI IHoH Msg D|-±3:(5G4 : * )S 

ai a ^°igi ofc! cis" .tftftHJiLr mm^im e^fe s?om. 

□soil e i3joii eais ai-ah bol as £ Tasi- £±hhis ssmm oiisoi or^oii ^ 
goii dHtr-Hf^raei *u4tir^3(504, 504*)t M-smoi ^^^(bm® statso. ora-tr as soil ch^ 

MS 5§(HI = 0IW2 (HISOI 2*! (HIS SHIS OlSttCk. 0| :H|, E 1312) «|4Dh*3(5Q4>21 g- 

0I«. vs SSEf)2| ^dlOil -t&B SMI 0US££ N^iMBM^r Oi«OtXIDL E 

13ia°l Tiil 4Qh^H(504 )^ g'fe SJii- <=]}jr*rOl(HI mm fi^S" -OUS^S 3H ^^(514)71^ S2EI0H EE 13k 
2|''£eBY ^3 *§A| idej^SS (HISSCL tfABHS E 1 3 i CHI EAjS Hr£r B= EU#Cr. 

□SOIL E 13k0il SAI-S HrSr BOL &*¥{514) ft SMS| gAr^S 4^*71 tt*KM SfSl 8 

S-(HIAi W-?S S^jOil 0HS : MS. TMAH(Tetra-Methyl Ammonium Hydr oxide )§ ArSSKM 6^! CHI SI SttCF. 
□I-Etft!- :sA' (HIS SSS *TE|S- B'S BteHHI .fflS'oisa (HIS£^ iBSI HSfQI CHISEI3, S 

£"g-<* ^Al §ArAI>1l .WI.SSQ. 01 affl. S^¥^J (HIS 3 01 (HI Stfffl □SOII = 

□SOL E 131 Oil EAI3 UF£|- BOL SMiSI (HIS SSSS kS'S flEISSB 1 4f»AI 31 

*j| 501-^3(505)1 «St!Cr(L0C0S SSQIg.)'. 01 HI 50^3 (505)= E 13n£J ggSI- E 13p°J SgAI 0} 
±3 eiiig if£SW 1eB2| e-gfS SHAIS^fe 91*6 tCh. 01 (HIS S § it CHI Ai SsiefOII' CH^ ^ 
tSa-.srsj: LOCOS S^SS 452 ^^tl-^OI ki ^StM Oh^li^Q, 

LI-SOIL E 13nffl| EAIS Hffl- STOI, Xll 30^3 (503) (BSW)4 ^4:^^^ HITIolOI IS bH (Pressure 
Chamber) ««« -Iti" 7H^(515)g Ql (Hi, (HI SMS Ar^ulCfl SlOlid Utr^ 

□g(HI, E 13NHI EAI-S ^OL H§( IS Bi (Pressure Chamber)(403) ^BI5 S (HIS (deep 

etching)^ AlttF. (HIS SOI^ E 110U1 b-a2J SOIS t^th I CP RIEM Q\mt\0\ 85^m §E°i 
SOIS "MStfCr. 

D8WI- E 13b0il EAI£! HrSh B-OL ^2D^3(2id mask; TE0S)(502)B- ^4:^2:^ M7)mB\ 
(channel) **%m £I*T 7H^^(516)M ^^tJ-Q. ?H^^(516)^ 21^1 (HISS^M *||2[]|-^3(TE0S) ^ 

OmM, E 13dQ|| EAI-S Ul-ai- B-OL ^H^¥(516)M Olg^l-OI xH y (Restrict or) (404) ti^m 9\V A.EI5 
SCHIS(deep etching)(E 11 Oil AH SOI aS)^ ^AI^QK ^, ICP RIEM OlgohOl 15^m §E2J SOIS (HI 
StiHK 

□SOIL E 13cffl| EAI^j BI-SI- BOL ^15!" HHS (Back-side) (HI HI 20 3 (502) a a.1D^3(501) 

M itMdlAI^M Dr^3(PR)CHI CHIS^rOl bH^^M ^2^1 ?ltl ^ §1 ^H^ 

¥(517)M 3^|(HISS2M ^^Q. 01 ;H^^(517)2J 3? I CHI KJ-EK hiM^ HH^^ 37171- 
01 ^H^ ^§CH|Ai~ 2^ (HISSES ^IS 24^21 hiM HHH^ ^1^ ^H^¥^ H 2D 1-^3 (2nd 

mask; TEOS)Eh ^|1Dh^3(1st mask; ^ ^th^)M CHIS^LL Et_L ^712^ ^Bi E 13qaCHI 

EAI^} BOL 2^ 0^3 J.H^M LHH ^3 XH#£! (ref i 1 1 )g ?loH *t ^/ 71 

& HH3( Back-side) CHI ^1120^3 ^ ^||1D|-^3M ^^^M CHIS^rOI if HHB^M ^^o r 7l ?l 

^ §1 ^H7^(517')M itM^IIAI^M Dr^3(PR)e 01^ S^KHIS^^S SSt^CK 
31.^25 ^ Ahtl-^e ^^mhH, ^1^ 24 H mej biM HH CH^r^ ^IS2J ^H^^M ^^tl 
□ . 01^ ut-El §§1 ^-golOI 371 (HI EH*]" spec. 01 DH ° 5^3rH gtufQ, 

□SOIL E 13rO« EAIS U[2} BOL 7H^¥(517)^ OlSstOt ^El^e tHIS^HS^ biS «H^^(401a) 
M ^S^Q. 3EIII, PR D^Hf 171^ Qs Ail^i ^ r^^^ 3^°|(506)^ g^T# 4'Al^j-Q. S3BJ 
SAI- A| irg£| HH#^(401a)0l!A1^ ?J35J SMfwett ing)0| SICHO^ *H1, S3 E&(drop)CHI CH^H ^01 
m ^ ^ S3XIEI7F ^StUIK ^ All^, ^E|^ (HIS SOI^ 24^m §ES CHIS^^MI hi! HH 

g^ 1 ^CHI^ 73150^3(505)21 ^(Hl ^HA1°j- °1>1I §□. 3H°I(506)2:M^ Ql -E(Tef Ion) 

711^ S C4F8/SF6/Ar ^ 7r^5J PECVDCHl ^Jtt S^|SS AI-SS.^. E 13ra0il EAIS E 13qa0il 

EAIS SS2J 2^ E 13r^J g§H|- SB*!- ^§2:^ Ol^Oi^ElF. 01 E 13r ffl E 13 re. ^SCHIAI^ 
r^4^^ 3^ja| ^7||e ^t[7\\ ^ Xil^j- 71-3^01 ^S^ICL 

□SOIL E 13s0il EA|£| BOL b:M ^^(401b)£l ^|5Dr^3(505)^ ^IM ^ 2^ CHISS 
S OlSStOI- (HIStJHMAI S3 HMOI OI^CHAIE^ HHS : ?(401a).S ^lAI^JQ. 01. UH, 
3BeK506)S SX|E|D|.OtmDl, SSIHI CHtL 1 " Si^^ 3H^ XI-3 ^th^2S CHI ^ h 4^ SILK £1*11^ 
^1501-^3(505) °f21 ai»A| ±m m\M OjlSuh^ 3U ° k CHI CHtJ 3217} ^figi^LI- & 

EH StF^SSI MS AKHS SI^S 3H ^E 171 El .£01 0I£ ^E^l" xiEi^E ^g^sl-^OI ^ 

a-QGH IS-*« ^ BI Oil ^Xil7h .&□. E 13sa CHI EAI^i E 13raCHI EAIS SS^l <2^2.£ E 13s 

(HI EAI^J ggHI- iaoCf. 

□I ^Sh B^ E 13a LHAI E 13s ^ E 13a LHAI E 13sa (HI BI-AIS ^SIS (100)9 6I-EI5 ?WIItiM 
Ahg^rOI ki, iH^, S3 ^ S3 ISbH^I ft ?JIO|Jil ^CHI ^iX-ilM 1 

so>£ sa's aieH&is- ^^^i ^bioi ^ oi3^ oise stmra ^ w-ii7i- sioi Ahe§i ^ 

4= ^IsM S0| $L[. 01 Oil CrB# ^^Me £51-71 ?|oH 4= 01 3E 01^ □§ 0^3(multiple 
mask)! 01^^ ^^j ^ DI3*^ B^rS ^^HO^r^ 5SEI^3EHiT| gg^J BA| 4= 0|3 

B OILH^J 53 exr°1 §^ 7^ MM 4= 2i?ll 1 OI-UE^ g§i B 

^th AIB 4^ SiQ. orA|°j- □§ D^3f 0|g^ h §^ 01 1°KHIA1 ^7H^! iMx-jg CHIS S^ 

oi aeds^oii mm oiss chis d chisoi sschi^ e^tj- □§ 01-^3 



20-6 



^2001 -0084240 



S SSS 4=7KSEh £ 13a LH 73 £ I3s(^g £ 13sa )0il S-AIB UtSI- ITdL ; L0C0S(L0Cal Oxl.dat.ion 

of silicon) ^™ u\b.b e»-»s ws-ssroi om ^m+ ^mm ssote ibexes k§ ^ 

£M M^m 72 Mmm V. 4= 2i£ □K&9{N£k.ing) &B0I i' 4* 21Q. 



at <^-Tf — / 

0I£ SSSJ HRl 301, B-.U9H- [[fE BIS fl.S|£ MLOIfflB B»« 335!! MS^ sung ic 

(ioo)s 6ieis bbs ?4ioim.m oi&skm airs or sbi 'Btrass ^str&sjir cHitsi+s t>mn m 
a, croi ai.Diffl'21 asBS":'oistH orss. nssaii- logos sgg gissh sjg*!- 0^3 §s §s 
-orssfe s& %s sa §§es -a-oiiaei §.e : ^ sjp. Brew a aa-a 

5MEi^nEnnr 33s aesKS oisa bss!.:£*is. 4= oiaft oise B-a * sis « e "om-a ^ 

BftWKS STII aXDSQI. er«*HJI SCF. ^Sl, ° c 3 SIS fTOIiH(3i-S)2l UH3MAI N<£«KH it 

1 371 M AIM 01 3M (sub-micron) OloS EM 4 .213, 53 S;5[2| S7||«: ^BS"» ^ h 4= S! 

wi a'n 53x{Ei2j she s.Qi:*t«l a:» «ac»-... 



s» i. a.3 : »ss^-Et sagfe aa* zr weoii w-wchdi bs-sis aa ss; 
£7i. smmai £7i zf*iES assj- gfai afi?h ?aafi« xhs; 

£7i aiy-s^Ei a ass £7i B2to aw sh§ baizes jgstfm 01 .ass a37i- v«i 4 a 
Ei swt 5»tfe zf akKi art" aw; " 

£71 a^ ISbHS^EI a3M 5aiSgT0h £cSH HI gfffe £71 ^ siie°i am; 

£71 BiHOfl XI SB S3M HHft^ai- £71 aitilHI 73 -SB a37^ affl LH2J gwj ao n 

HHe^S 2ia£IE^ ^£0^ S^^S OI^Di*! ^-71 ^ irSM;§"-7b|?J" SHS! 

^"i ^IHg 01 g!S a-OII 2JCHA1, 

§ ^1 si-oil ^i^H ^fg^ a# ^s^s asii^ a3si ^Hine h:M o\^m 
^•i ■ 

2. HI ttJ-M SiCHAi, 

^1 E^S ^£1^ (100)3 EhsS 71^3 3# 192^ S}^ Bx-IIS S3SI ^£ie 

Eg biM Oi^MEI. 

3. M)%m 201 A|, 

^1 ^rMlBJ HH^^ LH3^ i^^M ?>E^ ^.^ ^fe ^32! EgjM ^|Eg 

S^IT 4. S3m^^Ei SHf ^ all E CHI HH^CH B^tfe °J3 ^1 °^0||A1 ^ 

71 Zj-^IES ^'g^ ^ ^SJ£IE^ ul-^ iH^; xfi^^VEi °i£J£|^ ^| o,g^ h o C o, oj 

3M ^Al^^^ 01 ^S-B a37h 4 7hofe 4^1 Z| ^|E^i ^tH; 

«7j ^ isui^Ei a3i asaroh ^mchi assfe »7i ^ ^ie^j bh; siboii 73 ^3 
s hh#^2i- am mi w.sa a3^h &?\ c »m lh eu ac^ 2°^ hh#^s 3 

EJtlE^ ^E^h^ S^^S OI^CH^j ^71 2> ^|E2J ^Hl^ S32! E£j^ ^ilEg i# Oi^j 

■SB «3f ^SCHI SiCHAI, 

(a) (100)3 E^S ftl"EI5 ^leOll ^I10^3M gsfu^ B71I; 

(b) fe^i fliioi-^3M ^^^^^ mmtm ^1 xh^ jh^b -sstj ^1120^31 g^m^ 

(c) £91 73l1D^3.a ^1I2D^HP CHI^^hCN &7\ a^lStH ^Itf 7H^?¥S S2s>^ E^U 

(d) 4^1 a^aa ?h^¥chi ej^h 7ie^ a ^120^3 ^sj s^ichi ^3d^3m 

(e) isaixi^e d^hm oig^ra ^130^31 flqs*Es oiigmoi am si ttsm 

(f ) £i\ affl ^ai ?h^m ^ei^ 7iEKHi aai ^-sm a Diim ^ai^i- 

= E^l; 

(9) £71 (e) EWOilAl °^ *j£M ^loFW SM^IXI^M D^3f 3 CHS Ol^mOl £7 1 

32J PH^¥CHj S]M hi as £7i Xil2D|-^3 B ^iH0^3M Oilg^hOI ^l^t 7W^^m 

~ E^l; 

(h) £71 aiii ^S ^£.g ^H7¥i £71 ^E|^ 7IBCHI »h gCHISS ^AluKU SSM 

^£o^ ^Aioii ^s^j 4^^i-^ chis^m e^i; 

(I) £71 am a £71 °S2J ^5j^|.g-0i|g^^ ^^011 Ss§ ^1401-^31 gsfuj^ Bfll; 

(j) £71 fi2§ ^|40^3CH|Aj £K?| affl S! ^S 4>S|§^0flg^£J Ul^tBS OflSohCfl £71 EM 
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a £7i 2A(^ m^miw^m nmm s-tii; 

(k) &7\ ST*¥ a SAF^ SSS JH^M. »*HD| TMAHfTetra-Methyl Ammonium Hydroxide) 

^ai aaaot cu-g ois-s oisiwM £7i ^s^i a £-71 sssi SAfef ss§e 
(i) #7i irig s a^i o g P| 3af^si tf&s is«a« sa&Aia asik&a* 

S£Sh= 3-711; 

(m) £7i a : 3B^-a« ^ai-as M7\mo\ -swatH wse th-^m 3th; 

(n) £7i swsitf-ttg* aw ue\s s oase tfAia+s stii; 

(g) #71 »a»*3M £ e -h*ip^ agistor fe h ?i ma «£t mmt= 37ii; 

(p) xHS *!£§ 7H^¥« 0L»*K» £-71 tfaff 71501! ftl4» S(Hlg# tfAl**^ 3711:; 

(q) &7i ^Ei5 713 ma mi s«s £:7i azoksa a- aicitea-s ssgiijq^m ni-±a&oig& a-±i 

M.S-B23 fl:B|.ai-SS":MS*H3l HH*^.«'««« SS Si ?F?¥fi 3711; 

(r) S9|-"SfaS» 7H^¥M ^EIS 7IS Oilg £7| hiS UHS^.l »St!" DS £71 5 

(s) £7i £7i aso^asi ^# oiisaioi sa ^moi oisoixie* mm=?m 

3711 ;M 

Sthofe WS£^ *^ »g SB §§011 2|ffi- ?J3S *|»E8 b:l DlfiMEISI 

a*r era . 

tJn*fJ 5. a.«H» 24CHAI, 

£"71 (a) 3711011 A1 £71 XiMDr^H^ S tfsl-^, tftPJ", gtr^ § Dih: tl M^t~ Si SS© 
£ o.fe SIT 7JS §1 £S0il iJ*j|^ a M : E§ if CHS8EI2J a*t BfB. 

§^ 6. a4tf(HI SJCHAI, 

£71 (a) 3711 MAI £71 aiD^aS S«*s» A^SKQ, £71 82,3,4, 5 D^HS #71 MQ XI 

g SsfOI 7fe*J- TEOS, PECVO SS|-S|-, £7| g^Sfia- CrE 3^ § 0t t!" is^ 
^fe SI ^SEHI ^Jt> gx-Il^ °jaSI if 01^jgE|2j 

7. a4tj-oii aoiAi, 

(b) 37iioiiAi a2a^a^ teos, &m?t, s oi^ xhs^ g^mh^ 
st^ m~ mm si ssoii ^ m^m sa^ ±m ch^mei2j x]\™ g-s. 

8. a4«HHI KOIA1, 

(c) 37IIOi|Aj -^7 1 *mmtt\ i^g 7H^?^^ 2930 * 260 M m H^l^ S^mH, ^ ^B1 ^ 
7H^°J SAiBICHI^ 100 m mBJ ^poj-^M 5 ^3^^ t}^ g# 7}5 SI SSCHI ^ 

mm S32i ^^ie it oismeiej a^r ^s. 

9. a 44HHI SiOlAi, 

4^1 (d) 9-71I01IAI £7\ M3U[^B^ m£W, tm^, ^ g Oih: ^ ^H^M kimt~ 5!i 
Xh= SI SS01I Bit]" ^^1^ SaS! ^^!^ 'S|| Eg ixM LH^iMEj^ ^g. 

10. a4tHHI SOIAI, 

^1 (e) 3-711 Oil Ai £91 J1I3D1-^H~ ^^EICH 3^!.Qil§S^S fe^l SSEI^ SM 

192^ ^fe I'M Si SSCHI BJ^ Sa^l ^bie hiM Oi^jMEI^j 1^ 

ii- a4voi aoiAi, 

£7i (tx 3-tii oil m g?\ sffl mgm m a wss i cp riem oig^i-oi 150 M m aais onu 

oE SM ofe eI A^ SI £S01I °Jt.»- ^^1^ SaS! iS'i tHIEM irM OI^IMEn 

bH-fcH 

—I Obd < 

^n 1 * 1 - 12. a won aou-i, 

£?\ (9) 371I Oil A1 

£71 (e) 371! Oil A1 £7 1 ^ItJ" 7H^?^^ HSBi Ol^uFOI ^£E|^ S# t[ 

~ mm urn si ssoii sit)- sas ^ie§ it ch^meisj g-s, 
aw 13. a4tm aoiAi, 

£71 (h) 3-711 0)1 A1 £71 2»'SMS.2J OAS S0|= lED^g mil, 01 £71 SfflSI Ollg SOI^ 300 
^ ^ufe 5!M f§25 mm AF^ Si SSOil gsilS SaS3 ^^!M ^|Eg ti CHSM 

aei a^ g-g. 

SW 14. a 44HHI SiOiAl, 

£71 (i) 3711 Oil Ai £71 ^ S5§ a40K6aS= Iti-f^OI g^EITILK m= QE &m?\ ^~ MM 

skii msei^ ^s^^ sf= as ns si ssoii 21 ^ axHia sasi ±§i ^ie§ i# ois 
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Mei°j tm sb. 

15. m%m sign Ai , 

571: (i) e»M.AI 571 S30^3-SA| -S*IS Sfef gfl QTSOI 571 MSg W:4Elh±3S/a 

ets 4= &fe a^wi:, 571 (i) Ef» tiiteroiL cr ! ) sthMa-l as^±g *^ Msg 

aaa^a* s*rtt=. : EPiiJ , a atwe 2* «.gES ste a-e -ws ai : ssoii si.# a-na 33*5 

#Eg kg EH-ggEiej sb. 

571 a) epooiai 571 ±m a** .a &?\ saw ois : s.awfe 57i.(r) .epmhm* ssrs 

57I' Xi4D^H£ 57I a'3Df£:Hah SB. S.9 : S S.fiHIH 57| a30^3 a 571 »4DF*3 SrZ?S| ^ 

a- »qi-oh cos fii^ai mis'^s ss£i= ijsss oh^ as- ws- si sswi; ^itj- -aiis S3 
si saM-fli^s bts ch a-aa 21 a*t sb, 

H4tittft0LAL 

571 (j) EWflAI 571 Jx§ SI 571 SS2| SAW 0B.SS 571 »3dh*3^ BO^fi 

s bs : eih 571 w'ass a4D^37t :ater»^£s sssa 571 a^gai-a st^sj 01s sn 
3 a^aiM cu-s a-a™ oiis^s as -^s^s mm Xh§ sa ssoii aais"s 
Ha! =a# me© ia oifl»ai2|- a^r sb. 

18. BI44HHI SIGHA1, 

571 (m) 571 aao^as asi-ee-s saaoi #71 sraatH ts§ JH^ftfe -otaaias a 

d"S AKgi&Kfl 571 AIEIS 7fi? &9-2| d^H-S&SS XilTiofe as ^SE^ fcfe Si 7j 

§ sa ssoii 2iw aa« ass =ai"aEs chsmeisj xii^ sb. 
arv is- awn siow, 

571 (n) EPHMM 571 3*1 BhH *I2S Sit!" a3»-£EI5 S WSS I CP FHEB 0ISftK» 85Am S£2| 

201^ ^AiBrfe "as ^ue^ an- tjs §1 ssoii ^ asu« sasi e*!m sie© t§ oi 
asai'Si" a^- sb. 

20. a4UM sachal 

5-71 (0) B71ICHIA1 571 ^1201-^3^ TEOSS ^^E|H, 571 tm ^H^ 1 ^^ 5^1 a2Dl-^32J S 

01 DWiei" IO!fu 511 HS^S ol-^ A^ §1 SSCHI ^'7^ S3SJ ^11 Eg 

0i^ME|2] a^- s-s. 

21- XHI4S-Q1I SiCHAI. 

571 (p) 571 a4?t1- S Qflgg ICP RIES OlSeiOl 15,«rr£1 SOIS CHI 5S ^9^^ 

~ §1 S§(H| 2|tl" ^l-il^ gJH2! E^ie h:M Di^MBI^J a^ 

22. aWHHIHCMAI, 

571 (q) Ei-711 CHI Al 571 h:M bH^^M ^ §1 7W=?^ ^ 24m£. ^5EI^ 51 

3fe Ah§ SI SSOil ^5c||^ ^35! E£!^ ^ilEg h:M CH^ME|2J a^ SB. 

23. a44HHI ^01 AL 

571 (q) E^l CHICHI (q'> E^I^Ai 5 h 7| 71 5 53 ^S^J E§ D^3# S71 LH3 3 

3 CHI Si^5 3g^g^5t^ = , 571 ^E|? 71 ^ HH 3-0)1 ^1201-^:3 ^ M\Ut±^m ^±^2.^. 

CHIgohOi if UH^^M ^^o|7l ?m ^3 SI ^H^M ^SfllAI^M D^Hf Ol^ti" 2501l§jBE 

strnh^ as a a* a^ si ssofi bi^ ^jii^ S3si e^im ^ie§ his ch^jmei°j 

g^* 1 - 24. a 23U0I KQIAI, 

571 (q') E^l CHI Ai 571 £!4=5 3S^E^ ^ ^m^M §^fH ( 571 2f3 SI ^H7^^i ^ISS 24 

^5^^ as i§2S §^ ii XIB SI ^SQil 2jt!" mim S3SI E^JM ^]|Eg kg Qi*j 
S-E|2| a^ SB. 

g^tr 25. a «f ( a 22», a 230 s a 244* § ot a-oii saoiai, 

571 (r) Oil Aj 571 ^^>5 39^^ E0HS(Tef Ion) 7\ms\ °| ^F B /SFe/Ar ^ 7^EJ 

PECVUHI S7|°IS Ahgufe as ^S^^ mm AF^ SI SSOil *J*± ^32! EgjM 

§||Eg h:M CH^jM3|BJ a5, h SB. 

g^tT 26. a4ttiH SiCHAt, 

571 kM mm^ molt: 571 (k> bthobai 571 c »m ^5chi§ soichi ^sei^ as 

mUE^ ^fe mW AKg SI SS01I 2Jt[ S35] ES!M ^|Eg bifi CHSMEI^ a^ SB. 
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